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Thirty-two male and female Balb-C mice were randomly divided into
four groups of eight sufjects each.

The mice were injected with saline

or naloxone either before or after the initial training of an active
avoidance response.

Fourty trials were administered during the training

and the retesting phases with the number of avoidance responses being
recorded.
The results indicate that there was no significant difference between
giving the treatment before versus after training.

No significant difference

was also observed between the saline versus naloxone groups, while a
significant difference was found between training versus retesting.
Possible explanations for both the nonsignificant and significant results
are discussed.
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INTRODUCTION AND LITERATURE REVIEW
It had been shown that opiates such as morphine produces analgesia
by activating specialized opiate receptors on neurons in the brain.
This analgesia seems to be mediated, in part, by the action of endogenous
opioid peptides.

Peptides with attributes similar to the narcotic

analgesics have been identified as enkephalins and endorphins (Hughes, 1975).
Since the analgesic effects of these substances can be blocked by naloxone,
a specific opiate antagonist, they appear to be mediated through opiate
receptor systems (Chesher and Chan, 1977).
One biological role of these narcotic analgesics may be to reduce
the aversiveness of painful stimuli.

Such a function would allow an animal

to partake in defensive behaviors despite the suffering of injuries
received in battle.

If this were the case, naloxone would be expected to

increase an animal's sensitivity to painful stimuli.

In support of this

hypothesis, naloxone has been found to intensify thermal stiuli (Berntson
and Walker,

1979; Carmody, Carroll, and Morgans, 1979; Grevert and

Goldstein, 1977).
While this might be true for thermal stimuli, naloxone's effect on
the reaction to electric shock is less clear.

Messing et al. (1979)

showed that rretreating rats with naloxone immediately before training
had little effect on the average number of avoidances made during an
active avoidance task, while conflicting results were reported by
Izquierdo (1980) in which naloxone impaired acquisition.
Therefore a question still remains:
pain sensitivity due to electric shock?
1

What is naloxone's role in
This question has to be resolved

2

in order to understand naloxone's effect on learning.
Another important factor that needed to investigated was naloxone's
effect on memory.

In looking at memory consolidation, it was found that

naloxone enhanced retention of an active avoidance task when given
immediately after training (Izquierdo, 1979) and when given both before
and after training (Messing et al.,

1979).

The purpose of this present study, using a standard active shuttle
avoidance task, was to clarify the ambiguity concerning naloxone's role
in azquisition learning and to compare naloxone's effect on memory
retention when the opiate antagonist is given either before or immediately
after training.

In order to fulfill these purposes, one must first

understand the role that endogenous opioid peptides and naloxone play in
pain sensitivity, learning, and memory.
Pain Sensitivity
Since the discovery of endogenous opioid peptides in cells and
processes of the central and autonomic nervous system and in the central
and somatic divisions of the endocrine system, there has been considerable
interest in their possible roles in a variety of physiological and
pharmacological processes.

The following information was gathered by

Amir, Brown, and Amit (1980), who summarized these findings by various
authors in an article concerned with the role of endorphins in stress.
Beta-endorphin was found in the pituitary gland, particularly in the pars
intermedia and the adenahypophysis.

It was also found in the brain with

a single cell group in the hypothalamus and large axons innervating
limbic and midbrain structures.

Endorphins and adrenocorticotrophic

hormone (ACTH) were present within the same secretory granules in
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pituitary corticotrophic cells.

There was also evidence that the same

environmental and endogenous stimuli triggered the mobilization of
endor1Aiins and ACTH from the pituitary for physilolgical function and
that the same biochemical processes were regulating this effect.
Stressors (e.g. footshock and heat stress) known to activate the pituitary
and adrenal axis have been reperted to decrease anterior pituitary
endorphin content and to trigger a parallel increase in plasma endorphin
and ACTH levels.

These findings suggest that activation of endorphin

systems may be an intergal part of the organism's global defensive
response to stress.
Stress-induced analgesia.

It has been suggested that the discharge

of endogenous opioid peptides are involved in behaviors affiliated with
exposure to stressful stimulation.

To test this idea Chesher and Chan

(1977), following termination of footshock, examined mice which showed
a significant analgesic response compared with non-footshock controls.
Analgesia induced by footshock could not be induced in mice that had been
pretreated with naloxone.

It was therefore decided that footshock

analgesia in the mice was due to the discharge of endogenous opioid
peptides.
Stress-induced analgesia in normal man was investigated by Willer,
Dehan, and Cambier (1981). The accumulative effects of a repetitive
stress caused by anticipation of pain (noxious footshock) was carried
out on the threshold of a nociceptive flexin reflex of the lower limb.
The threshold of a nociceptive reflex progressively heightened with the
repetition of the stress.

This effect was reversed by naloxone, which

even resulted in hyperanalgesia, since a quick and significant decline
in this threshold below the beginning values was noted.

The results
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of
shown indicated involvement of endogenous opioid in the phenomenon
stress-induced analgesia in normal man.
The main aim of the study by Lewis, Cannon, and Liebeskind (1980)
was to explore the possibility that both nonopioid and opioid systems
affect stress analgesia

and that quantitative traits of a given stressor

can prove which system is predominantly engaged.

A second aim of this

study was to explore the effects of dexamethasone, a synthetic
glucocorticoid which hinders the stressed-induced ascent in plasma
ACTH and Beta-endorphin, on stress analgesia of both the naloxonesensitive and naloxone-insensitive type.

The findings suggested that

both naloxone and dexamethasone hinder analgesia in rats getting
prolonged, intermittent footshock.

In contrast, neither naloxone nor

dexamethasone significantly changed the analgesic effect of the short,
continuos footshock.

These findings provide evidence for the involvement

of two possibly independent substrates in stress analgesia, only one
of which seems to be acted on by opioids. The substrate
predominantly acted upon during footshock hinges on the temporal
characteristics of the shock, its time span (3 versus 30 minutes),
its pattern (continuous versus intermittent), or both.

These results

imply that both opioids and non-opioid mechanisms underlie stress analgesia.
Because emotional mechanisms appear to function in stress-induced
analgesia, Oliveria and Castellano (1982) decided to try to determine if this
function reacted to classical conditioning, e.g., if analgesia responses
could be induced by the same neural stimulus which was already coupled
to painful occurrences (footshock) which generated analgesia.
groups of mice were tested in two sessions.

Four

In the first session, the

mice were given 60 inescapable shocks,and each shock was overlapped
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by a 30 dB tone.

This treatment produced a significant analgesic effect.

In the second session (24 hours later), the mice were given 60, 5-second
tone stimuli without the entanglement of any inescapable shock.
treatment produced a significant analgesic effect also.

This

This analgesic

effect was obviously contingent on the classical conditioning procedure
carried out during Session 1, in which shock and tone were paired. In
order to check the entanglement of endogenous opiates in the analgesic
effects seen after inescapable shock or classical conditIoning of stressinduced analgesia, naloxone was administered into mice given the same
schedules.

The naloxone injection antagonized analgesia compared to

saline injected groups.

These

findings showed that stress-induced

analgesia reacted to classical conditioning.

The results implied that

environmental maneuvers implicating opiate systems reacted to classical
conditioning.

Therefore the endorphin system not only may be activated

by stress but also by past experiences.
Data in various studies implied that dose might be a more critical
cause of naloxone's effect upon stress-induced as opposed to opiateinduced analgesia.

Therefore Bodnar, Kelly, Spiaggia, Ehrenber, and

Glusman (1978) decided to explore the dose-dependent effects of naloxone
upon analgesia induced by cold-water swims by testing individual
animals across a wide dose range (1,

5, 10, and 20 mg/kg). In one

group of 12 rats, naloxone at the above dose range was injected at
weekly intervals directly before forced cold-water swims (2°C for

3.5

30 minutes

minutes);

change in flinch-jump thresholds were measured

thereafter.

In a second group of six rats, the effects of the dose

range of naloxone were measured upon normal flinch-jump thresholds.
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Naloxone's partial effectiveness in lowering stress-induced analgesia
implied that the neural mechanisms mediating opiate-induced and stressinduced analgesia may not be the same and, moreover, that the final
phenomenon may not be endorphin-mediated.
Since intraventicular injection of human Beta-endorphing in humans
generates and extended state of analgesia, Hosobuchi, Rossier, Bloom,
and Guillemin (1979) wanted to demonstrate whether the analgesia created
by stimulation of the periaqueductal gray matter would have comcomitant
elevations in the Beta-endorphin concentration in ventricular cerebrospinal
fluid.

Immunoreactive Beta-endorphin was measured in the ventricular

fluid of six patients with chronic pain.

Stimulation of the periaqueductal

gray matter in three patients with pain of peripheral origin produced
significant elevations (50 to 300%) in the concentration of ventricular
immunoreaction Beta-endorphin.

In three other patients enduring

deafferentation sysisthesia, stimulation of the posterior limb of the
internal capsule did not change the concentration of this peptide.

These

findings supported indications of the discharge of human immunoreaction
Beta-endorphin in vivo and implied that naloxone-reversible pain easement
acquired by stimulation of the periaqueductal gray matter may be in part
mediated by the energizing of Beta-endorphin-rich diencephalic areas.
Following auricular electroacupuncture, Pert et al. (1981) evaluated
alteration in the rat's central nervous system and hypophyseal endorphin
activity.

Auricular electroacupuncture was found to generate naloxone-

reversible analgesia in the rat.

These behavioral effects were associated

with significant rising in cerebrospinal fluid levels of endorphins with
accompanying reductions in the basomedial hypothalamus and medial thalamus
of Beta-endorphin-like immunoreactivity as well as endorphin-like
radioreceptor activity.

Moreover, the radioreceptor assay also

showed a reduction in endorphin-like radioreceptor activity

in the periaqueductal gray matter.

These findings were construed to

indicate that electroacupuncture in the rat generated at least part of
its analgesic action by arousing central nervous system endorphinergic
circuitry

which caused a discharge and draining

of endorphins in fixed

brain loci and an accompanying increase in the cerebrospinal fluid.
Hypophyseal endorphin does not seem to be implicated in mediating
acupuncture-induced analgesia in the rat because plasma levels of
endorphins were not affected by this maneuver.
To appraise the function of enkephalins in stress-induced analgesia,
Chipkin, Latray, and Iorio (1982) treated rats with thiorphan, a
enkephalinase inhibitor, which has been shown to be analgesic in the
low temperature hot-plate test, a process alleged to liberate endogenous
enkephalins.

If enkephalins are involved in stress-induced analgesia,

the antinociception should be intensified by the thiorphan.

The control

treated rats in Experiment 1 revealed a significant analgesic response
following inescapable stress.

Thiorphan dominated both the size of the

effect and its continuation in a dose-related manner.
at those doses had no effect in non-stressed rats.

Thiorphan alone

To see if the dominance

of stress-induced analgesia by thiorphan involved opiate receptors, rats
in Experiment 2 were given combinations of naloxone and thiorphan.

The

data showed that naloxone, at a dose that failed to change the analgesic
effect of the stress alone, caused a significant decrease in the effect
of the thiorphan.

Rats exposed to inescapable footshock exhibited a short

antinociception, as shown by tail-flick reaction times.

The effect had

and opiate component, as seen in the capability of naloxone to reverse
the analgesia.

These data were in

reement with the preceding study,

showing a linear correlation between stress-induced analgesia and endogenous
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brain levels of a substance that binds to opiate receptor sites.
Fanselow (1979) found that naloxone attenuates a rat's preference
for signaled shock.

This conclusion denoted that a signal which foretells

shock causes and expectant release of endorphins which is capable of
moderating the aversiveness of the impending shoxk.

Naloxone may

dissipate the preference for signaled shock which would reduce the
effectiveness of the anticipatory endorphin release.
Fanselow and Bolles (1979), in a later study, gave further evidence
for the preceding explanations.

The method of theii study was based on the

principle that rats commonly freeze following exposures to painful electric
shock; therefore,the amount of postshock freezing is a direct function of
shock intensity.

In the first experiment the naloxone-treated animals exhibited

a large rise in postshock freezing which could not have been a common effect
of the drug because nonshocked-control animals revealed no behavioral
effect of the naloxone treatment.

It was also implied that naloxone may

have generated its outcome on the shocked animals by intensifying the
aversiveness of shock by antagonizing the rats endogenous opiate system.

The

naloxone-treated animals may have suffered a more aversive shock during their
training.

Such an explanation is agreeable with the findings that endorphins

cause an analgesia that is antagonized by naloxone (Chesher and Chan, 1977).
In Experiment 2, the results revealed that freezing was a positive linear
function of drug dose and shock intensity.

This experiment demonstrated

that freezing was indeed a function of shock intensity and therefore can
be used to estimate the aversiveness of shock.

In Experiment 3, 4,

and 5 naloxone pretreatment intensified freezing only when the animal
was given two or three shocks, but did not affect freezing when the animal
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wAs given only one shock or was not shocked at all.

These experinents

the first shock in
taken in their entirety supported the hypothesis that
diminishes the
a series of shocks activates the endorphin system, which
aversiveness of ensuing shocks.

The explanation would predict that after

but also have
a series of shocks, animals would not only be anesthetic
a greater level of central nervous system endorphins.

In the final

naloxone must
experiment, Fanselow and Bolles (1979) demonstrated that
period, in order
be present during shock, not just during the observation
to increase freezing.

d,
These results suggest that when an animal is shocke

g shock less repulsive.
it releases endogenous analagesics that make an ensuin
shock more
Naloxone, by obstructing the endorphin system, makes the
repulsive than it would typically be.
aggression was
The behavioral effect of nakurone on shock-elicited
(1980).
the topic explored by Fanselow, Sigmundi, and Bolles

Their study

shock intensity when
showed that shock-elicited iwgression increased with
the rats were treated with naloxone.

The results of

testing on Day 1

aggression
and 48 hours later showed what naloxone produced increased
over saline controls.

A second result showed more overall aggression

during testing Day 1 then in testing Day 2.

This experiment supported

triggered by fearthe contention that endogenous analgesic systems are
provoking stimuli that trigger

defensive behavior.

to intensify both
In the two previous studies, naloxone was reported
signifying an association
shock-elicited freezing and shock-elicited fighting,
between endorphin discharge and defensive behaviors.

However, these findings

stimuli (i.e.
were established in experiments using artificial stress
electric shock).

ation
Rodgers and Hendrie (1982) investigated the associ

more typical
between endorphin release and defensive behaviors under
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conditions.

Both defensive and offensive behaviors were examined using

the intruder-resident model (i.e. a strange male rate was put in the home
cage of another male).

This model was used to examine two inferences

founded on the hypothesized association between endorphins, stress, and
defensive behaviors: (1) in a custom comparable to other stressors, an
agonistic encounter should generate analgesia and, (2) if naloxone-sensitive
opioid mechanisms are involved, the naloxone pretreatment should obstruct
the progress of this response and change the observed behavior paradigm.
The data substantiated neither inference.

Undergoing an agonistic

confrontation failed to generate analgesia in either intruder or offensive
resident animals.

Furthermore, naloxone failed to affect defensive or

offensive patterns.

The authors believed that their negative results

revealed the non-activation of naloxone-sensitive, endorphins analgesic
mechanisms during agonistic

encounters.

However, these results alone do

not rule out endorphin discharge per se during agonistic interactions since
opioids are implicated in other conditions that do not produce analgesia.
Autonomic responses. Amir, Soloman, and Amit (1979) investigated the
acute and chronic effects of naloxone on motor activation in a repeated
testing paradigm.

The findings on the first day of testing showed no

significant differences between the naloxone-treated and saline-treated
rats.

Upon repeated testing,however, a definite elevation in motor

agitation was found in the saline-treated rats along with significant
declines in defecation and freezing behavior.

In comparsion, the naloxone-

treated rats showed a ccuiparatively stable pattern of motor activity over
12 days of testing with no alteration in freezing or defecation behavior.
This result may imply that endogenous opioid systems play a part in
behavioral adaptation and activation and provide further proof to the
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proposed involvement of endogenous ligands for the opiate receptor in
emotional reactivity.
an opiate-like analgesia

Electroconvulsive shock (ECS) in rats show

and catelepsy that could be weakened by naloxone preinjection.

This

by Belenky
implies an active release of endorphins durinc ECS. The study
and Holoday (1979) investigated the effects of naloxone preinjL2ction upon
post-ECS heart rate, respiration, and blood pressure in the rat.

Naloxone

preinjection generated a significant increase in respiratory rate for the
first 15 minute post-ECS.

Pre-ECS respiratory rates, taken 10 minutes

postinjection, did not differ significantly from one another implying a
lack of effect of naloxone alone on respiratory rate in the non-ECS-treated,
nonstressed rat.

Naloxone preinjection caused a significant descrease in

average arterial pressure and heart rate.

Pre-ECS average arterial pressures

and heart rates taken 9 minutes pestinjection

did not differ significantly

from one another, implying a lack of naloxne alone on average arterial
pressure and heart rate in the nonstressed rat.

These results show further

evidence for endorphin discharge during ECS and implies a part for
endorphins in the regulation of respiration and in cardiovascular homeostasis,
particularly during stress.
The endorphins share with opiates the capability to produce hyperthermia,
an

effect probably produced by a process in the central nervous system.

This opioid effect has been revealed to meet diverse standards for opiate
specificity: it is hindered by opiate antagonists, it underlies tolerance
development, and it is reversed into hypothermia during

withdrawal.

The

fact that the initiation of hyperthermia demands only rather low doses
of opiates compared to analgesia, catatonia,or hypothermia, implies that
this opioid effect might play a part in the physiological functions of
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endorphins.

The rising indication for a motivation of endorphinergic

mechanisms in stress situation induced Biasing, Holt, Bauerle, and Herz
(1978) to examine such stress-related hyperthermic effects for naloxone
sensitivity.

Naloxone not only stopped the hyperthermia but also

reversed it stereospecifically.

Rats whose temperature had rcse

due to stressful experience responded to a saline or (+)-naloxone injection
with a further elevation in temperature, whereas one injection of (-)naloxone caused a significant decrease in temperature.

The further

elevations in temperature seen after the saline injection may be due to
contamination with pyrogen, since pyrogen-induced hyperthermia does not
seem to be naloxone-antagonizable and has a more drawn out time course of
development.

In an effort to reveal that the handling stressor used in

the study was able to energize the endogenous

opioid systems, the plasma

levels of endorphins were measured before and after the handling maneuver.
There was a 7-8 fold elevation in the level of plasma Beta-endorphin within
the 15 minutes during which the handling-inexperienced rats were confronted
with a novel experience.

The results show that the stressor used was a

potent energizer of the endorphinergic system where Beta-endorphin was
discharged by the pituitary under stressful conditions.

The elevation

in temperature seen in handling-inexperienced rats that had been exposed
to a series of complex novel experiences is probably a statement of the
adaptation measures of the organism to stress.

The findings that naloxone

is able to stop stress-induced hyperthermia implies the endorphinergic
mechanisms take part in the measures underlying this effect.

This

observation seems to be related to repeated findings in the literature of
tmperature-decreasing effects of opiate antagonists in rats.
Since the release of endorphins causes depression of metabolism and
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respiration, Isom and Elshowihy (1982) wanted to correlate functional
changes in respiration with the activity of the endorphin system and to
elucidate the interaction of chronic and acute stress with the central
regulation of respiration.

The findings showed that rats confronted with

inescapable footshock revealed an elevation in tidal volume, minute volume,
and respiratiory rate.

The footshock-induced elevations in ventilation

were potentiated by naloxone.

Inhalation of high (5% and 10%) concentrations

of carbon dioxide intensified the stimulation of ventilation perceived in
both the acute stressed-naloxone treated group and the acute stressed
animals.

Chronic daily footshock sessions (11 days) weakened the respiratory

stimulation created by the potentiation induced by naloxone and acute footshock.
The aspect of footshock-induced stimulation of respiration paralleled the
output of acute footshock-induced analgesia; on the other hand, chronic
footshock weakened both respiratory stimulation and stress-related
analgesia.

These findings strongly implied that stress can influence

respiratory function through activation of the liberation of endogenous
opioids.

It was presumed that the endorphinergic system operates as a

compensatory system which stops exterme stimulation of respiration by stress.
Zamir, Segal, and Simantov (1981) investigated possible changes in
opiate receptors upon induction of hypertension, since such changes
could imply a correlation between pain, opiates, and blood pressure.
The findings showed that genetic and experimental hypertension in male
rats were associated by a lower specific naloxone binding in the hippocampus
and in the dorsal horn of the spinal cord.

Rats which are genetically

resistant to hypertensive stimuli have a lower opiate receptor binding in
the dorsal horn and have a higher specific naloxone binding in the nucleus
tractus solitarius.

Together with preceding experiments which exhibited
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a

correlation between pain sensitivity and blood pressure, these findings

favor the idea that specific brain loci participate in co-regulation of
blood pressure and pain perception.
Thermal stimuli.

Bernston and Walker (1977) researched the effect of

naloxone on pain sensitivity in the rat using two different pain test, the
tail-flick test and the tail-pinch test.

The tail-flick test, latency

to withdraw the tail from a thermal stimulus (hotplate), showed naloxone
producing a highly significant reduction in the tail-flick latencies.
This result showed that naloxone was found to produce a significant
increase in pain responsiveness as determined by the tail-flick test.
Naloxone, however, was found to have no result on pain sensitivity as
determined by the tail-pinch test in which increasing pressure was applied
to a secure place on the tail until the animal showed escape behavior
and or vocalization.

These results supported the view that opiate systems

may have discriminatory effects on various pain stimuli.
Grevert and Goldstein (1977) used the hot-plate technique and found
that all doses (0.1, 0.3,

1, 3, and

10 mg/kg) except the lowest

(0.03 mg/

kg) naloxone-treated mice jumped from the hotplate significantly sooner than
did the saline controls.

This suggested that under natural (saline)

conditions lengthy exposure to the hotplate aroused the endorphin system,
allowing the animals to tolerate the painful
escaping.

stimulus longer before

Naloxone evidently hinders this adjustment leading to a

decreased latency to escape.
Jenson and Smith (1981) measured tail-flick latency in rats exposed
to inescapable footshook.

The results showed a significant increase in

tail-flick latency in rats exposed to footshock as well as in rats that
only witnessed footshock.

While naloxone counteracted the elevation in
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tail-flick latency in rats that
audiogenic analgesia.

witnessed footshock,it did not affect

The predominant deduction to be induced from this

study was that a direct encounter with physically noxious stimulation
may not be essential for the analgesic reaction to occure.

The analgesia

generated by seeing footshock probably was mediated at least in part by
an emotional reaction to distress signals.
Non-painful stimulation.

Rogers and Deacon (1979) probed into

whether novel, non-painful stimulation would result in an arousal of the
endogenous opioid system in the rat.

They evaluated the effects of naloxone

on behavior in an open field situation.

The results showed that the

naloxone-treated groups reduced levels of locomotor activity and rearing
while increasing defecation.

These findings signified that naloxone

increased emotionality in the rat and that opioid peptides may be released
under conditions of non-painful stress.
Learning
Active avoidance.

Rigter et al. (1980) explored the dose-response

relationships of Leu-, Met-, and D-Ala-D-Leu-enkephalin in the acquisition
of the avoidance response.

Their second experiment probed the time course

effectiveLess of D-Ala-D-Leu-enkephalin and their final study examined naloxone'5
ability to hinder the effects of Leu-enkephalin and it's effectiveness to
alter acquisition of the avoidance response.

Leu-enkephalin dose-response

data showed significant differences for 4 jig/kg and 40 pg/kg.

At the highest

dose, 400 lig/kg, Leu-enkephalin significantly impaired acquisition of the
avoidance response also.

Met-enkephalin at a dose of 40 or 400 jig/kg

also impaired acquisition of the avoidance response.

In a dose range

of .4 - 400 jig/kg the analog D-Ala-Met enkephalinamide

was inactive.
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In the time-course study, D-Ala-D-Leu-enkephalin (4 ug/kg) was administered
either 15 minutes, 5 minutes or directly before active avoidance training.
The immediate and the 5 minute intervals impaired acquisition„while the
15 minutes did not. Enkephalin treatment combined with naloxone was used
to deacnstrate whether the impairment of acquisition of the active avoidance
response was mediated through some function of the enkephalins on classical
opiate recptors.

The first study

explored the dose-response effects of

naloxone (1 - 100 mg/kg) injected directlytefore conditioning.
of naloxone significantly affected avoidance responding.

No dose

A subsequent

study examined whether a extended dose range of naloxone would hinder the
impairing effect of 200 jig/kg Leu-enkephalin, if both were injected prior
to acquisition.

The findings showed that 200 pg/kg dose of Leu-enkephalin

significantly impaired retention and that this impairment was hindered by
the very high dose of 100 pg/kg naloxone.

Lower doses of naloxone did not

produce a signifincant reversal of the peptide effect.

Naloxne (10 mg/kg)

given 5 minutes before 200 tag/kg Leu-enkephalin also did not weaken the
peptide effect.
Izquierdo (1980) investigated the effects of naloxone on acquisition
of shuttle avoidance learning in rats.

He found that naloxone impaired

acquisition of shuttle avoidance behavior when a nose of 0.8 mg/kg of
the drug was given

5 minutes before each test session. A dose of 2 sag/kg

Beta-endorphin had no effect on acquisition
test session

but when injected before the

facilitated retrieval of the task.

showed that pretraining

Additional findings

injection of naloxone facilitated retention and

that of Beta-endorphin impaired retention of the shuttle avoidance task.
These findings supported the hypothesis that shuttle avoidance learning
was state dependent upon the release of Beta-endorphin during conditioning
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and that there was a physiological amnesic mechanism mediated by opiate
peptides.
Turnbull, Hull, Miller, McElroy, and Fieldman (1983) studied the
a
effect of high doses of nalxone (2.5 - 10 mg/kg) on behaviors during
shuttle avoidance task.

The data showed a dose-related impairment of

acquisition of the shuttle avoidance response.

In this dose range,

naloxone generated a significant reduction in the number of intertrial
responses but the dose-response was not significant.

Naloxone injection

at all the doses tested did not affect the escape latencies.

The effect

of naloxone on nociception and activity is involved as possible causes
of the observed behavior.

Whether the explanation for the effects shown

are differentially accessible opioid systems, complex feedback mechanism
in the opioid systems, or multiple opiate receptors, an

entire study on

the effect of opiate blockade on behavioral or physiological measures
should cover high doses of naloxone to fully understand the role of the
opioid system in the modulation of the studied response.
Castellano (1981) explored the strain-dependent effects of naloxone
on discrimination learning in mice.

The effects of post-trial naloxone

DBA,
administration were studied in two inbred strains of mice, C57 and
tested in two different experimental conditions, Y-water maze and a pattern
discrimination test.
and dark.

The Y-water maze involved two procedures:

light

In the light procedure the control group results showed that

escaping
both strains started out with a high level of correct choices of
from the water.
than the C57.

Then in ..- .ucceeding sessions the DBA strain became higher

when an
This strain difference was statistically significant

analysis of variance (ANOVA) was performed.
showed the performance of the C57 mice

The naloxone group results

was significantly improved by

all the doses of naloxone while the DBA mice were only significantly
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improved by

5 mg/kg (highest dose) of naloxone. The two strains showed

statistically significant differences in dose related effects of naloxone.
All naloxone doses injected into the two strains two hours after each
session were not significantly different from the controls.

In the

dark procedure both control strains started at a very poor level of
accurate choices in the first training

session, and the DBA strain

executed better than the C57 strain during the following sessions.

ANOVA

showed that the global dissimilarity between strains was statistically
significant.

Naloxone injected directly after the last trial of each

training session was followed by performance impairments in the C57 mice,
but performance in the case of the DBA mice was improved.

C57 performance

was impaired after the injection of 2.5 or 5 mg/kg of naloxone and DBA
performance was improved only with the highest dose of naloxone.

The

two strains showed statistically significant differences in dose-related
effects of naloxone.

All naloxone doses injected into the two strains

two hours after each session were not significantly different from the
controls.

The animals, in the pattern discrimination test, had to

discriminate between four locked doors with the same visual pattern
a swinging door

and

having the positive pattern and leading toward the goal

bo:- where the mice avoided the electric shock.

The animals were scored

a correct response by entering the swinging door without pushing one
of the remaining four doors.

The test results for the controls showed no

significant differences between the two strains.

Naloxone positrial

administration results were the same reported for naloxnne in the dark
procedure.

The findings provided evidence that naloxone affects light

oriented behavior of mice independently of the strain considered and that
naloxone's effects were independent of the differences in other aversive
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stimuli existing between the Y-water maze task and the pattern discrimination
test.
Memory
Passive avoidance conditioning.

Since the findings indicated that

the amygdala was rich in both enkephalins and opiate receptors and that
this limbic structure was involved in memory makeup, especially for aversive
conditioning, Gallagher and Kapp (1978), were prompted to examine the amygdala
opioid system's probable contribution to the memory process.

The results

indicated that the opiate agonist injection of levorphanol significantly
reduced retention of passive avoidance conditioning when equated to
operated and unoperated control groups.
of naloxone elevated retention.

Conversely, posttraining injection

The significant retention failure exhibited

by levorphanol treatment was shown to be steriospecfic since direct
postinjection of dextrorphan, an inactive ehantiomer of levorphanol,
had no significant effect on memory retention.

Also, the adverse effects

of levorphanol and naloxone administration on retention were hindered by
joint posttraining administration of the opiate agonist and opiate
antagonist.

Finally the effects of afterconditioning injection of naloxone

and levorphanol

were time dependent; injection of either naloxone or

levorphalol given six hours after conditioning had no significant effect
on retention.

In conclusion these findings lend increasing support to

the explanation tha„, manipulating activity in the amygdala at opiate
receptors directly after training changes time-dependent memory processes.
Kovacs, Bohus, and De Weid (1981) investigated the retention of passive
avoidance behavior in rats following 0Cr

'(-endorphin administration.

The posttraining injection of '(-.endorphin effected a lessening in passive
avoidance behavior, as shown by the brief avoidance latencies
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compared to controls during the retention test. 'y -endorphin given shortly
before the retention test produced the most decided effect.
3 hour treatment also produced a

significant effect compared to the

hour group which did not vary from the controls.
00:-endorphin

The postponed

6

On the other hand,

increased subsequent retention when injected 23 hours or

directly following training.
rats received 0C-endorphin

Avoidance latencies were extended when the

3 hours after training compared to the controls,

but this variance was not significant.

The 04-endorphin treatment was

also not significant when it was given

6 hours after training. These

findings suggested that 0(- and

y=endorphin caused opposite alterations

in subsequent retention of a passive avoidance response and that the
potency of the endogenous peptides relyed on the time between learning
and the treatment.

The results also implied that c‹- and '(-endorphin

regulated consolidation of memory of an aversive experience.
Active avoidance conditioning.

Izquierdo (1979) explored the

possible role of endogenous opiates im memory consolidation by studing
the effects of naloxone and morphine upon retention of a standard
shuttle avoidance task.

Naloxone, morphine, and naloxone plus morphine

were injected into rats directly after training in many diverse behavioral
tasks, and their result on retention was rated in test sessions carried
out one or seven days later.

The results showed that morphine depressed

and naloxone enhanced retention of a standard shuttle avoidance task,
while no difference of memory retention was found if the drugs were given
together.

These findings supported the conclusion that a posttraining

opiate receptors played a role as general inhibitory modulators of
memory consolidation.
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Izquierdo et al. (1980) wanted to show the existence of an endogenous
amnesic mechanism mediated by opioid peptides.

To do so, they

used Beta-endorphin to explain that one(or more)of the endogenous opioids
is adequately discharged during conditioning

or as a consequence of the

stimuli used for conditioning and also that the sum discharged was
identical to that dose which when administered produced a fractional loss
of memory.

Beta-endorphin (0.4, 1.0, 2.0, and 10.0 ug/kg) was administered

directly after conditioning in a shuttle avoidance task.

A test session

carried out 24 hours later showed Beta-endorphin producing retrograde
amnesia.

After conditioning in any of the four paradigms (shuttle avoidance

learning, tones alone, footshock alone, or pseudoconditioning), Betaendorphin immunoreactivity was measured in the hypothalamus and the rest
of the rat's brain.

The data revealed no changes in the hypothalamus

while the rest of the rat's brain showed a market reduction of Beta-endorphin
immunoreactivity.

The depletion of Beta-endorphin immunoreactivity may

be credited to the discharge of this endogenous opioid by the stimuli
used for conditioning.

The findings also supported the conclusion that

naloxone increases memory retention and that Beta-endorphin mediated a
physiological amnesic mechanism which was activated by the nonassociative
elements found in the many modes of learning.
Izquierdo, Paiva, and Elisabetsky (1980) probed into the effect of
10 ug/kg Beta-endorphin and Leu-enkephalin on memory retention of two
different tasks in rats:
response to a tone.
in the two tasks.

shuttle avoidance and habituation of a rearing

Excellent retention was shown by the control animals

This was demonstrated by elevated responding in the

case of shuttle avoidance and as reduced responding in the case of habituation.
Beta-endorphin and Leu-enkephalin showed total amnesia for both tasks.
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These findings agreed with the proposals of Gallagher and Kapp (1978),
Izquierdo (1979), and Jensen et al. (1978) that endogenous opioid peptides
are amnesic agents.

It seemed appropriate for them to propose that Beta-

endorphin and Leu-enkephalin are physiological amnesic agents.

The findings

that amnesia can be produced with doses far below those required to produce
analgesia (De Wied, Bohus, Van Ree l and Urban, 1978) implied that memory
regulation may show a more consequential physiological operation of
these opiates.
Izquierdo and Dias (1981) explored the effect of three different doses
of Leu-, des-Try-Met-, and Met-enkephalin on their interaction with naloxone
and on retention of a shuttle avoidance learning.

The results showed that

the three opioid peptides produced retrograde amnesia which was dosedependent.

At the three dose levels there

among their effect.

were no significant differences

Naloxone alone at the dose (0.2 mg/kg) had no

effect on its own retention.

When the peptides and naloxone were given

together, however, the log dose-response curves of the peptides were
moved to the right.

This movement was nearly parallel, which indicated

competitive antagonism between the opioids and naloxone.

These data lend

support to the proposal that the modulation of memory involved several
different opioid compounds.
Since huge amounts of Met-enkephalin and Beta-endorphin are released
into the rat brain following electroconvulsive shock (ECS), Carrasco,
Dias, and Izquierdo (1982) investigated the idea that if the analgesic
effect on ECS could be interposed by the discharge of Met-enkephalin and/or
Beta-endorphin the ECS-induced retrograde amnesia should be countered
by naloxone.

The results showed that ECS generated retrograde amnesia

in the control animals.

Naloxone produced memory facilitation of the

shuttle task at a dose of 0.4 mg/kg, but it had no effect on retention
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at the dose of 0.2 mg/kg.

Also the amnestic effect of ECS was totally

antagonized with both doses of naloxone.

These data lend support to

the proposal that ECS caused retrograde amnesia which was, perhaps
to a vast magnitude, mediated by endogenous opioids.
Inhibitory avoidance conditioning.

Messing et al. (1979) investigated

the role of -- ioid systems in memory by examining the effects of systemically
administere0

oxone on retention in both inhibitory and active avoidance

tasks in rats.

During the inhibitory avoidance task, the rats were given

saline or naloxone injections directly and 30 minutes after being exposes
to a 750-A footshock.

A total dose of 1.0 mg/kg of naloxone enhanced

retention while a total dose of 0.1 or 10 mg/kg of naloxone did not vary
significantly from the saline group.

One injection of naloxone given

directly after training had no consequence on retention; however, naloxone
given 30 minutes after training impaired retention.

When rats were

trained with 500-A footshock and given two posttraining injections the
effects were comparable to those of the preceding experiment.

The results

of naloxone on active avoidance acquisition and retention showed naloxone
given directly prior to training had essentially no effect on the outcome
of the average count of avoidances made by rats in each group during
acquisition.

However, two doses of naloxone, consisting of 10 mg/kg,

given directly prior to training and 30 minutes later, significantly
raised the count of avoidance respones on Day 2.

The findings of the

inhibitory task implied that naloxone enhanced memory in a time-dependent
manner in which all doses were given after conditioning, when they could
not affect either sensitivity or responsiveness to noxious conditioning
stimuli.

The results of the active avoidance task showed a similar

time-dependent memory enhancing effect.

While an effect of naloxone on
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on acquisition can not be ruled out, the findings indicated that any such
effect was much weaker than the naloxone-induced improvement of performance
during retention testing.
Martinez and Rigter (1980) wanted to identify the functions of
several Beta-lipotropin fragments given either directly after or in advance
of training using an inhibitory avoidance task in a single training
A further experiment was done for the intention of replication

paradigm.

if a significant endorphin effect was found in the first dose-response
studies.

This second experiment was also used to show whether the significant

effect was time dependent.

The effective dose of Beta-lipotropin was

injected either 90 minutes or directly following training in the posttraining injection condition or 30 minutes or 90 minutes before taming,
in the pretraining injection condition.
injection) at a dose of 1.0 pg/kg
response.

Only y-endorphin (pretraining

influenced aquisition of the inhibitory

In the first dose-response study, the effect of 1.0 pg/kg

le-endorphin was only minimally effective.

However, the heightened effect

of 1.0 pg/kg le-endorphin was time dependent as well as highly significant
in the replication, because

the yLendorphin was effectual if injected 30

minutes, but not 90 minutes, before training.

In addition, the first

-endorphin
step-through entrance latencies of the animals that were given Y.
were not dissimilar.

Therefore, it is not probable that r-endorphin

generated or altered locomotor activity that produced subsequent performance
retention.

Only posttrial administration of Beta-endorphin altered

consolidation of the inhibitory avoidance response.
was significantly impaired by a dose of 0.1 pg/kg.

Retention performance
The time dependent

effect was also produced by Beta-endorphin because the additional
replicated study showed Beta-endorhpin at a dose of 0.1 pg/kg injected
directly as opposed to 90 minutes after training impaired memory.

The results

25

of this study implied that endorphin derivatives of the Beta-lipotropin
molecule regulated retention on an inhibitory avoidance response.

The

response of both Beta-endorphin and 'Y -endorphin on acquisition of the
avoidance response are time-dependent, which suggested that they affected
some part of the memory and learning processes.

The findings that a dose

of 0.1 rag/kg Beta-endorphin caused impaired retention, while a larger dose
nce,
of i‘endorphin given before training enlarged the retention performa
implied that the effect of these endorphins on consolidation and
acquisition of an inhibitory avoidance response were distinctive.
Liang, Messing, and Mc Gaugh (1983) explored the effect of naloxone
on amnesia generated by subseizure amygdaloid stimulation.

The rats were

d
conditioned in an inhibitory avoidance task after which they were inflicte
with amydaloid stimulation.

Directly after conditioning, before stimulation,

is
naloxone was administered either into the bed nucleus of the stria terminal
end
(BNST) where the Met-enkephalin-containing fibers from the amygdala
up or peripherally.
stimulation.

Retention deficits were produced by amygdaloid

The deficits were weakened by 1.0 pg or 0.3 pg naloxone

ally.
injected bilaterally into the BNST or 3.0 mg/kg naloxone given peripher
The weakened effect was receptor and anatomically specific; the weakened
of 4.5 or
effect of naloxone was antagonized by synchronous injections
into
1.5 pg levorphanol into the BNST; 0.3 pg of naloxone administered
the caudate nucleus was ineffective.

These findings implied that endogenous

opioids, possibly the endephalins of the stria terminalis, are at least
on
partially involved in mediating the effect of amydaloid stimulation
memory.
By examining the literature, it can readily be seen that a conflict
shuttle
does exist concerning naloxone's role during retention testing of a
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avoidance task when the drug was given before the initial training.
Therefore, the following study was undertaken to obtain answers in these
two areas.

METHOD
Su bject
The subjects were 32 Balk—C mice bred in the Psychology and Biology
Age ranges

Department animal colonies at Western Kentucky University.

at the time of training varied between 90 and 120 days with the mice
weighing 25 g I 5 g.
Apparatus
An active avoidance shuttle box which measured 22 centimeters (cm)
long, 15 cm wide, and 26 cm high was used in both the acquisition and
retention testing.

The box contained two metal and two acrylic

walls:the metal walls were positioned as box width and the acrylic walls
were positioned as box length.
bars spaced 1.0 cm apart.

The floor was a grid of stainless steel

A piece of cardboard which served as a barrier

was placed between the two center bars rising 2 millimeters above the
grid floor to mark the midline of the box.

A shock of 0.4 mA was delivered

to either the left or the right side of the carrier.

Illumination was

provided by a seven watt bulb placed on top of the shuttle box.
Procedure
Subjects were randomly assigned to one of four groups:

saline

pretraining, saline posttraining, naloxone pretraining, and naloxone
posttraining.

The mice were injected with either the saline o/ the

naloxone 45 minutes before or immediately after training.

All injections

were given subcutaneously with the experimental groups receiving injections
of 4.0 mg/kg body welpht of naloxone and the control groups receiving a
comparable volume of the normal saline solution.
27

For acclimation purposes,
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the mice were placed in a darkened shuttle box for 3 minutes before the
start of the training.
acquisition trials.

After this period of time, they received 40

Each trial consisted of a light being turned on for

15 seconds then a shock was delivered to the grid side on which the animal
was positioned at the beginning of each trial.
both the light and the shock was turned off.
time of 10 seconds between each trial.

At the end of 30 seconds

Then there was an elapsed

An avoidance response was recorded

if the animal shuttle0 to the other grid side before the shock was
delivered and stayed there without crossing
the last 15 seconds of the trial.

back over the barrier during

The 40 retention trials were given

7 days later following the above procedure. A 2 x 2 x 2 (injection before
versus after training, saline versus naloxone, and training versus
retesting) factorial analysis of variance with repeated measures on the
last variable was used to analyze the data.

RESULTS
Table 1 shows the mean and standard deviations of each group.
Irrespective of the treatment given, the mean number of avoidances in the
training groups was 4.88, while the mean in the retest groups was 7.32.
Also irrespective of the treatment given, the average standard deviation
of the training groups was 2.83, while the average standard deviation of
the retest groups was 3.69.

A 2 x 2 x 2 factorial analysis of variance

with repeated measures on the last variable was conducted to analyze the
avoidance response rates (Keppel, 1973).
summarized in Table 2.

The results of this analysis are

As can be seen, on the average no significant

difference was found between giving the treatment before versus after
training, F (1,28) = 1.37, 2,.05.

No significant difference was observed

between the saline versus naloxone groups, F (1,28) = .05, il>.05.

No

significant interaction was shown between pretraining versus posttraining
and saline versus naloxone treatment, F (1,28) = 2.43, 2›.05. A significant
difference was observed between training versus retesting, F (1,28) = 10.64,
p<.01.

No significant interaction was shown between pretraining versus

posttraining injection and training versus retesting, F (1,28) = 0.17,
11>.05.

No significant interaction was found between naloxone versus

saline treatment and training versus retesting, F (1,28) = 0.11, il>.05.
No significant interaction was also observed between pretraining versus
posttraining, saline versus naloxone treatment, and training versus
retesting, F (1,28) = 0.03, 1H>.05.
Figures 1 and 2 illustrate the number of mean avoidance responses
29
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TABLE 1
Mean and Stardard Deviation of Each Group

GROUP

X

Train

5.13

2.94

Retest

7.75

3.38

Train

3.00

2.87

Retest

5.88

3.44

Train

5.13

2.42

Retest

6.88

2.42

Train

6.25

3.07

Retest

8.75

5.52

Control
Before
Naloxone

Control
After
Naloxone
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TABLE 2
Analysis of Variance Summary Table

Source

SS

MS

Before vs After (A)

1

27.57

27.57

107

Control vs Naloxone (E)

1

1.00

1.00

0.05

A X B

1

49.00

49.00

2.43

28

563.87

20.14

Training vs Retesting (C)

1

95.07

95.07

10.65

A X C

1

1.55

1.55

0.17

B X C

1

1.00

1.00

0.11

AXBXC

1

0.25

0.25

0.03

Error S(AB) X C

28

250.13

8.93

Total

63

939.44

Error S(AB)
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Figure 1. Means and standard deviations of the
control and naloxone groups during training and
retesting when the injection was given before
training.
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Figure 2.

Means and standard deviations of the

control and naloxone groups during training and
retesting when the injection was given after
training.
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and the standard deviations of error made during acquisition training and
retention testing in either the saline or naloxone condition.

Figure 1

represents the pretraining injection data while Figure 2 represents the
data for injections following training.

As can be seen in Figure 1, the

control group scored more avoidance responses compared to naloxone in both
training and retesting, but not significantly so.

Figure 2 shows that the

naloxone group had a higher avoidance response rate on retesting compared
to the control group, but this was not significant.

In viewing both

Figures 1 and 2, a large amount of variability within each group can be seen.
General behavioral observations seen during the shock phase of testing
centered on the mice trying to find a "safe place" on the shock side where
the least amount of voltage could reach them.

Usually this place was

located between the wall and the first grid bar.

Some did not succeed in

finding such a place nor did they jump the barrier but would continue
jumping up and down on the shock side trying to get out of the box.
results could jeopardize the validity of the avoidance data.

Such

DISCUSSION
The results indicato that administering naloxone before training showed
no significant effect on the rate of response avoidance.

This finding

lends support to Messing et al. (1979) conclusions while it conflicts
with Izquierdo's study (1980) in which naloxone was found to impair
acquisition of the shuttle avoidance behavior.

The results illustrated

in Figure 1 show that naloxone did decrease the amount of shuttle avoidance
A

responses compared to the control group but not significantly so.

possible reason why the results were not significant is also shown in Figure
1.

The large degree of error in each of the groups disguises the mean

differences of the treatment given.

One possible reason that the mean

differences were so low was due to the animals finding a low-shock area
or just jumping up and down in the box.

Studies have shown that endogenous

opiates impair acquisition of a standard shuttle avoidance task.

This

result would be expected because endorphins produce analgesia which
would reduce the animal's sensitivity to painful stimuli therefore
decreasing the rate of responding.

One possible reason for naloxone impairing

rather than improving acquisition of the shuttle avoidance response is
suggested by Yerkes-Dodson law.

This law predicts an inverted U-shaped

curilinear relationship between arousal and performance.

If arousal is

too high then performance would be disrupted during shuttle avoidance,
thereby, decreasing the response rate.

Such a possibility existed in

this experiment.
The results also indicate that naloxone, when given after training,
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produced no significant effect on the rate of response avoidance during
the memory retention testing.

These results are in conflict with both

Izquierdo (1979) and Messing et al. (1979) in which naloxone enhanced
retention of an active avoidance response.

The results in Figure 2 show

that naloxone did increase the rate of responding compared to the control
group but not significantly so.

A possible reason why the results were

not significant is shown in Figure 2 also.

The large degree of error

in each group disguises the mean differences of the treatment given.
In looking at memory retention, various studies have shown that
endorphins produce retrograde amnesia.

This result would be expected

because these endogenous opiates produce analgesia which would cause a
decrease in neural activity which, in turn, would decrease protein
synthesis.

This decrease in protein synthesis would cause a disruption

in consolidation of short-term memory into long-term memory thus producing
retrograde amnesia.

Because naloxone is an opiate antagonist then it

would not be surprising that naloxone would increase while endorphins would
decrease memory retention.
The results also imply that naloxone given before versus after
training produces no difference on memory consolidation.

Figure 1 and

Figure 2 showed that naloxone given after training produced a higher mean
avoidance rate on retesting compared to naloxone given before training
but not significantly so.

The large degree of error in these two groups

disguises the mean differences of the treatment.
The significant difference found between training and retesting can
be explained by a practice effect.

As Figures 1 and 2 show, more practice

produces a higher response rate in the retesting session compared to the
training session.
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The results of this study do not support the hypothesis that naloxone
is interfering with the action of Beta-endorphin that is normally released
during shuttle avoidance learning, since no significant difference was
found during the training session.
In addition, the findings do not support the hypothesis
that endogenous opiate receptors play a role as inhibitory modulators
of memory consolidation, since naloxone as an antagonist should have
enhanced memory retention.
rhe hypothesis of posttraining naloxone injections producing a higher
rate of retention compared to pretraining naloxone injections was also
not substantiated since there was no significant difference found between
the two groups.
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